Spinal fusion has become a standard treatment for symptomatic intervertebral degenerative disc disease. The present study aimed to compare perioperative parameters, clinical outcomes, and radiographic results of stand-alone oblique lumbar interbody fusion (OLIF) with posterior lumbar interbody fusion (PLIF) for the revision of rostral adjacent segment disease (ASD) following prior posterior lumbar fusion.
Introduction
Spinal fusion, initially described by Albee and Hibbs in 1911, has become a standard treatment for symptomatic intervertebral degenerative disc disease. With the development of surgical instruments and implants, the number of lumbar fusion surgeries has increased rapidly worldwide. [1] Nevertheless, the results of fusion can be compromised by the long-term postoperative complication of adjacent segment disease (ASD), which refers to clinically significant degenerative changes in the segments adjacent to previous fusion. [2, 3] Retrolisthesis of the rostral adjacent level is one of the most common radiological manifestations of ASD; it can be accompanied by lumbar disc herniation or stenosis, resulting in low back pain and weakness, numbness, or pain of the lower limbs. [4] When the symptoms are severe, surgical intervention may be warranted. One of the standard revision surgeries is posterior lumbar interbody fusion (PLIF), during which decompression and extension of previous fusion can both be accomplished; however, the risks of dural laceration and nerve injury are high, and broken posterior spinal structures may lead to the progression of ASD. [5, 6] Oblique lumbar interbody fusion (OLIF), as a minimally invasive retroperitoneal approach for intervertebral fusion, has increased in popularity in recent years. [7, 8] During OLIF, the disc space is accessed from the interval of the psoas and abdominal major vessels. [9] Several studies have reported promising results from OLIF for primary surgery of lumbar degenerative disease [8, 10] ; reports on the use of OLIF in revision of ASD are rare, and no study has directly compared OLIF with PLIF to evaluate their efficacy in the treatment of ASD.
The aim of this study was to compare OLIF and PLIF for the treatment of rostral ASD after previous PLIF in terms of perioperative parameters, clinical outcomes, and radiographic results.
Patients and methods

Patient population
Patients who underwent revision surgery of the lumbar spine in our department between October 2014 and October 2016 were retrospectively reviewed. Each patient had prior posterior lumbar fusion and internal fixations at our hospital or an outside hospital. Inclusion criteria were as follows: low back and lower limb pain unresponsive to conservative therapy for over 3 months; unstable retrolisthesis and disc protrusion at the rostral segment adjacent to prior fused segments, demonstrated by radiologic examinations; follow-up >12 months. Exclusion criteria were as follows: calcified or migrated disc herniation; failure of previous internal fixations; more than grade 2 spondylolisthesis of the adjacent segment; severe osteoporosis; history of retroperitoneal surgery in the previous year; body mass index >32 kg/m 2 ; <12 months follow-up. In total, 36 patients were included in this study. Among them, 17 patients underwent OLIF (OLIF group) and 19 patients underwent PLIF (PLIF group) for revision of ASD. All surgeries were conducted by the same senior surgeon. The health records and radiographic data of the 36 patients were summarized and analyzed. This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University.
2.2. Surgical procedures 2.2.1. Oblique lumbar interbody fusion. For the OLIF procedure, after general anesthesia, the patient was placed on their right side and the target disc was located and marked using a C-arm. A 4 to 6 cm skin incision was made at the left abdomen, which was in the same horizontal plane as the target disc (Fig. 1A) . The abdominal wall muscles were dissected layer by layer (Fig. 1B) . The retroperitoneum was entered by blunt separation with the fingers, then the psoas was retracted posteriorly and the abdominal vessels were retracted anteriorly; a guidewire was placed into the target disc with the help of a C-arm. Sequential dilators were placed over the guidewire (Fig. 1C) , then a lighted retractor was placed over the dilators and fixed to the vertebral body with a pin, and the operation field was exposed; a window was made in the annulus fibrosis and the nucleus pulposus was removed with the nucleus pulposus clamp; then, the cartilage endplates were resected for exposure of the bony endplates; a wide and lordotic intervertebral fusion cage (Boomerang, Medtronic, Inc, Minneapolis, MN) packed with allograft bone was inserted into the target disc with the guidance of a C-arm, and a final impaction was done to center the cage within the disc space. Then, the abdominal wall muscles and the incision were closed sequentially after a drainage tube was placed (Fig. 1D) . A typical case of OLIF is shown in Fig. 2 .
Posterior lumbar interbody fusion.
During the PLIF procedure, the patient was placed in the prone position after general anesthesia. The original incision scar was incised; all previously implanted nuts and screw rods were exposed and removed, then the rostral adjacent vertebra was exposed, and 2 pedicle screws were inserted. Bilateral laminotomies and medial facetectomies were performed using an osteotome or rongeur; subsequently, the thecal sac and nerve roots were exposed and mobilized medially. Bilateral annular windows were made using a scalpel, the nucleus pulposus was removed with the nucleus pulposus clamp, and a combination of shavers, curettes, and rongeurs was used to perform a thorough discectomy down to the exposed endplate. Autologous bone was then implanted into the disc space, and a proper sized cage packed with bone autograft was inserted. Bilateral pedicle screws were connected with new elongated screw rods and fixed with nuts. A drainage tube was placed and the incision was closed sequentially. A typical case of PLIF is shown in Fig. 3 .
Assessment of clinical and radiographic outcomes
The duration of the operation, volume of intraoperative hemorrhage, length of bed rest, length of hospital stay, and complications were recorded for all patients. Clinical and radiographic outcomes were evaluated preoperatively and at 1 week, 3 months, and 12 months postoperatively. Clinical evaluation included symptoms and signs, visual analog scale (VAS) for back and leg pain, and Oswestry Disability Index (ODI). Radiographic examination included X-ray, computed tomography (CT), and magnetic resonance imaging. Lumbar lordosis (LL), disc height (DH), foraminal height (FH), and retrolisthesis index (RI) at the operated level were measured. LL was defined as the angle between the upper endplate of the L1 and S1 vertebra using the Cobb method. DH was calculated as the mean value of the anterior and posterior margin heights of the affected disc. FH was measured as the maximal interval between the lower border of the upper pedicle and the upper border of the lower pedicle. RI was calculated as the ratio of retrolisthesis length of the upper vertebra to the antero-posterior length of the lower vertebra. Fusion was identified by the formation of continuous bone trabeculae at the interface between the bone grafts and endplates www.md-journal.com on X-ray or CT at final follow-up. Cage subsidence was identified by the compromise of bony endplates visible on X-ray or CT. All images in this study were assessed by 2 independent researchers and the measurements were averaged.
Statistical analysis
All quantitative variables are presented as means ± standard deviations. SPSS 18.0 software (SPSS Inc, Chicago, IL) was used to conduct all statistical analyses. The Fisher exact test or chisquared test was used to compare qualitative variables between groups, and the independent t test or Wilcoxon rank-sum test was used to compare quantitative variables between groups. P < .05 was considered statistically significant.
Results
The mean follow-up duration for the OLIF and PLIF groups was 17.2 ± 3.5 and 18.0 ± 3.0 months, respectively. No significant differences were found between the 2 groups in terms of baseline patient characteristics, including age, sex, body mass index, operated levels, and previously fused levels ( Table 1 ).
As shown in Table 2 , the operative duration was shorter and intraoperative hemorrhage was less in the OLIF group compared with the PLIF group (52.24 ± 6.24 vs. 134.32 ± 15.84 minutes; 34.94 ± 4.05 vs. 340.68 ± 25.27 mL; respectively, both P < .01). The OLIF group had a shorter bed rest time and shorter hospital stay than did the PLIF group (P < .01). VAS scores of both groups decreased postoperatively (Table 3 , Fig. 4 ). The OLIF group had lower VAS scores for back pain than the PLIF group at 1 week and 3 months postoperatively (P < .01), and lower VAS scores for leg pain than the PLIF group at 1 week postoperatively (P < .05). No significant differences in VAS scores were found at other follow-up time points between the 2 groups (Table 3 ). Preoperative ODI were 53.88 ± 7.48 and 54.00 ± 6.36 points in the OLIF and PLIF groups, respectively (P > .05), which both decreased postoperatively. The OLIF group had a lower ODI than the PLIF group at 1 week and 3 months postoperatively (P < .05). No significant difference in ODI was found at 1-year follow-up (Table 3) .
Concerning radiographic parameters (Table 4) , no significant differences in DH and FH between the 2 groups were seen preoperatively (P > .05). The OLIF showed higher DH and FH than the PLIF group at all time points after surgery (P < .05). Both groups showed reduction of retrolisthesis and increased LL after surgery, while no significant differences in RI and LL were found between the 2 groups at any follow-up time point (Table 4) . Based on CT results, all patients achieved fusion at 12 months postoperatively, and cage subsidence was not observed in either group.
Two patients experienced incisional pain and 1 patient experienced ipsilateral transient groin numbness postoperatively in the OLIF group, which all alleviated within 3 days after surgery. Superficial incision infection occurred in 2 patients in the PLIF group, which was treated with dressing change and antibiotics.
Discussion
ASD is a common complication after spinal fusion and may present with various symptoms and signs, including low back pain, radiculopathy, instability, or stenosis. [2, 11] According to previous studies, patient-related risk factors for ASD include advanced age (>60 years), female sex, menopause, osteoporosis, and previous surgery-related factors including prior decompression at the adjacent level, floating or long fusion, and altered alignment of the spine. [12] [13] [14] Revision surgery may be needed when the symptoms of ASD are severe. Surgical methods reported in the literature include simple decompression, decompression and extension of fusion, or decompression and artificial disc replacement [15] [16] [17] ; the most appropriate method depends largely on the patient's individual condition. In this study, the 36 patients enrolled primarily presented with retrolisthesis, instability, and stenosis of the rostral adjacent segment, thus decompression and fusion were indicated.
OLIF is a modification of the retroperitoneal approach for microsurgical anterolateral lumbar interbody fusion, which was first described by Mayer in 1997. [18] In contrast to lateral lumbar interbody fusion, OLIF accesses the target disc from the window between the abdominal major vessels and the psoas, thus the risk of lumbar plexus injury is greatly reduced; few studies have reported the use of OLIF for the treatment of ASD. [7, 19] In this study, we found that the OLIF group had less intraoperative blood loss and shorter operative time, bed rest duration, and hospital stay than the PLIF group. This is reasonable because, in PLIF, the paravertebral muscles were dissected, scar tissues were removed, and the lamina was resected, increasing blood loss, and subsequent muscle atrophy. Meanwhile, the unclear operative field and removal of previous internal fixations both prolonged the operative time.
Potentially because of the absence of back muscle injury in OLIF, we also found that the OLIF group had lower VAS scores for back pain and ODI than the PLIF group at 1 week and 3 months postoperatively. Additionally, the OLIF group had lower VAS scores for leg pain than the PLIF group at 1 week postoperatively, possibly because direct traction of nerve roots was avoided in OLIF. [20] In terms of radiographic outcomes, the OLIF group showed higher DH and FH than the PLIF group postoperatively. This is reasonable, because we inserted a relatively larger cage into the target disc in OLIF. No differences were found between the 2 groups in RI or LL at any follow-up time point. It is thought that RI and LL could be improved conveniently in PLIF, with the aid of extended internal fixations, while in OLIF, the reduction of retrolisthesis may be driven mainly by intervertebral distraction, FH restoration, tensioning of longitudinal ligaments, and the improvement of LL may be driven by the tapered cage and reduction of the upper vertebra. [21] Moreover, nonfusion and cage subsidence were not observed in either group. We thought that the wide cages used in OLIF and the posterior fixations used in PLIF were both beneficial for improving the fusion rate and decreasing the subsidence rate. [22, 23] Access-related complications of OLIF include injury of the sympathetic chain, vessels, or ureter, [7, [24] [25] [26] which did not occur in this study. We recommend using a fingertip to access the retroperitoneal space and locate the target disc.
Several limitations of this study should be mentioned. First, this a small-sized, retrospective study. Second, the inclusion criteria were rather restrictive and may have introduced selection bias. Third, the follow-up period was short. Prospective, cohort studies with more patients and longer follow-up time are needed to further compare the efficacy of OLIF with PLIF in treating ASD.
In conclusion, OLIF is effective and safe for the treatment of rostral ASD following prior posterior lumbar fusion, and is superior to PLIF in terms of perioperative parameters, short-term clinical outcomes, and DH restoration, with similar fusion and reduction rates as compared to PLIF. 
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